Abstract. We discuss measurements and models related to composition and dynamics of dust grains near and inside the heliosphere.
INTRODUCTION
The majority of the heavy elements beyond He existing in the interstellar medium (ISM) are condensed into solid grains. Dust grains are injected into the ISM after condensation in red giant stars, supernovae and novae. They grow by condensation, collisional accretion and coagulation while at the same time, the stellar UV radiation causes chemical reactions and in particular the formation of organic refractories in icy condensates. Dust particles in the ISM are destroyed through sputtering, vaporization and collisional fragmentation. The balance of dust growth and dust destruction is related to the dust relative velocities in the ISM caused by ISM turbulences and to the occurrences and strengths of shocks in the ISM that cause dust destruction by sputtering. Interstellar extinction measurements, polarization and thermal emission can be used to infer the size distribution of ISM dust assuming some optical parameters. The interstellar dust size distribution is not exactly known and in particular the contribution of large grains is difficult to obtain from data. Hence a verification of the models of the growth mechanisms solely based on astronomical observations is difficult. The motion of the Sun relative to the local interstellar medium that it is currently embedded in causes a flux of interstellar dust into the solar system that is measured from spacecraft. Aside from the fact that they may ultimately allow to directly analyze the interstellar dust composition, measurements of interstellar dust in the solar system may yield information about dust sizes and dust dynamics and hence about ISM conditions. Moreover, the dust dynamics around the heliosphere is important for understanding the evolution of the small bodies in the solar system and exemplifies the entry of interstellar dust into astrospheres.
IN -SITU MEASUREMENTS
Measurements from spacecraft detect some of the dust components of the interstellar medium that the Sun is currently embedded in. After the first detection of a possible interstellar dust flux from Earth orbiting satellite [1] dust in the solar system was obtained from measurements aboard Ulysses [3] . The data set covers interstellar dust in the mass range 10" 20 kg # m # 1 0" 12 kg at distances from the sun that range from Earth orbit to the orbit of Jupiter(see Figure 1) . The in-situ measurements of interstellar dust from Ulysses [3, 4] , cover the large size end of the spectrum and are biased by dust dynamics [5] . The deflection of grains and the variation of the mass distribution with distance from the Sun reveals some of the dust properties. The results constrain astrophysical models of dust size, structure and composition and provide an estimate the dust mass density in the local interstellar medium [6, 14, 7, 5, 8] .
INTERSTELLAR DUST SIZE DISTRIBUTIONS
Astronomical observations detect interstellar dust particles over a large spatial region and there are different models to explain the observed interstellar extinction (see Figure  2 ). The slope of the interstellar extinction as a function of wavelength was explained with a size distribution dn $ da ∝ a" 3% 5 [9, 10] , where n is the number density and a is the size of grains. These power law fits show a sharp cut-off at sizes a = 0.25 µm (which corresponds to masses of about 10" 16 kg). Li and Greenberg [11] explain observations with a model that includes core-mantle particles formed by condensation of ices on silicate cores. Astronomical data on interstellar dust grains are, however, dominated by optical observations which are sensitive to grain radii that are comparable to the wavelength. The existence of large grains offers a possible explanation of some of the data at longer wavelength. Large composite grains are suggested to form by coagulation growth, which requires a long life-time of grains in the ISM [12] . FIGURE 2. The mass distributions of interstellar dust derived from astrophysical models compared to Ulysses in-situ data shown as histogram with error bars given by the square root of counts (compare [8] for detailed discussion). Shown is a distribution derived from the interstellar extinction curve for the case of bare silicate (dashed line) and bare graphite (dotted line) grains [10] , the size distribution of core-mantle particles (dashed-dotted line) modelled by Li and Greenberg [11] and the size distribution of composite grains (solid line) produced by coagulation growth according to the model by Mathis [12] .
Aside from the observational results, pre-solar grains were separated from meteorite samples and explained mostly as condensates formed at supernovae or around late type stars (see [13] for a review). These grains provide a selected sample of interstellar medium dust at the location and time of the solar system formation. They also exceed the size limit of interstellar extinctions models.
By means of their lifetime, the physics of the dust grains is coupled to interstellar medium parameters such as the frequency and characteristics of shock waves and turbulences in the ISM.
DUST DENSITY WAVE AROUND THE HELIOSPHERE
Dust particles are commonly assumed to be coupled to the gas of the interstellar medium and Frisch et al. [14] showed that the velocity of interstellar dust particles measured in the inner heliosphere agrees with the interstellar gas velocity, showing that interstellar gas and dust are coupled very locally over the relevant mass range. The effect of an encounter with the heliosphere (or astrosphere) on a dust grain motion depends strongly on the grain size. The majority of interstellar dust particles of sizes below c 0 .1 µm are deflected from entering the heliosphere. The motion of larger grains, with very small value of charge-to-mass ratio, is undisturbed (cf. [15, 5] ). We have used a simple model of the heliospheric transition region to calculate the trajectories of small interstellar grains in the neighborhood of the heliosphere [16] and found that, if a sharp heliospheric bow 4 grains assuming a sharp heliospheric bow shock and perpendicular interstellar magnetic field [16] . Θ is counted from the LISM apex direction. Φ is the rotation angle around the apex-Sun-antiapex axis (the heliopause is assumed symmetric under such rotation), with Φ=90 o , 270 o corresponding to the plane of interstellar magnetic field. Stacked plots show density distributions at different heliospheric distances r (the lowest plots correspond to the regions just outside the heliopause). Note the density enhancements near the interstellar magnetic field plane.
shock is present, a streaming of small dust grains along interstellar magnetic field away from the heliosphere is initiated. This leads to some density enhancements at the flanks of the heliosphere (Fig. 3) . Relative streaming increases a probability of catastrophic collisions between dust grains. For the heliosphere, the dust density enhancements are, however, too small for this dust destruction mechanism to be important.
DUST IN THE HELIOSPHERIC TRANSITION REGION
The dynamics of small interstellar dust grains is sensitive to the magnetic field and plasma flow structure in the transition region between the undisturbed ISM and the heliopause [16, 17] . A sharp (thinner than a few AU for 0.01 µm grains) heliospheric bow shock with plasma velocity drop ∆V causes small grains to acquire a velocity component d ∆ V relative to the plasma flow. Assuming that the grains have initially narrow velocity distributions, after crossing the shock the distribution would become wide, reflecting Larmor rotation. In the absence of a bow shock, small grains would follow the plasma. The velocity distributions would then stay narrow, although shifted relative to those in the undisturbed ISM. For 0.1 µm and larger grains the distributions stay close to those in the ISM. We have calculated velocity distributions of small interstellar grains outside the heliopause for different configurations of the heliospheric transition region [17] . The grain sizes were from 0.001 to 0.15 µm (10e 23 kg to 10e 16 kg). The results show that the dust grain velocity distributions that could be measured by a fast-moving spacecraft entering the heliosheath [19] would provide information about the global structure of the distant parts of the heliospheric transition region, in particular about the presence of a sharp bow shock even if the spacecraft may not reach it [17] . 
DUST INSIDE THE TERMINATION SHOCK
It was suggested before that small interstellar grains within the termination shock undergo focusing and anti-focusing depending on the solar cycle [3, 6] . The wavy current sheet structure, as previously suggested by Morfill and Grün [20] leads to a more complex dynamics though. We have developed a model [18] of the dynamics of small grains that have entered the heliosphere including the effects of the heliospheric current sheet (downstream and upstream from the termination shock) and of the solar cycle. We found that the wavy current sheet can facilitate the entry of charged grains into the inner solar system, although the unipolar field regions approaching the ecliptic act as an obstacle to it (see Figure 4) .
The dust fluxes of larger grains in the inner heliosphere depend on the influence of radiation pressure and solar gravity [8] , both of which can be seen in the Ulysses measurements. It moreover should be noted that the conditions of dust dynamics depend on the initial velocity distribution of grains in the interstellar medium. It was so far assumed that the dust is coupled to the interstellar gas flow. This, however is not necessarily the case for large grains. Meteor observations can be a valuable tool for studies of large interstellar grains and provide data in a size range of particles that may not be coupled to the gas component.
Although some meteor observers claim the detection of interstellar meteors ( [21] and references therein, [22] ), the orbital speeds derived from that particular radar technique are still subject to debate [23] . Meteor observations that allow for a reliable determination of the velocity vector [24] and hence for a classification as interstellar objects [5] are still limited by statistics [25] .
